INTERMITTENT SAND FILTRATION OF HOUSEHOLD -
WASTEWATER UNDER FIELD CONDITIONS!
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INTRODUCTION = -

Currently_approximately 1/3 of the population of the Uniteq
States is being’ served by on-;iteiwastewater treatment and dis-
posal systems (7)."$he5mo$ﬁ*bommon1y used on-site wastewater
treatment ‘and disposal“systémfs'thé‘septictank—soil‘absokption
System. Under proper soil  conditions, the septic tank
Serves as an adequate and economical method of wastewater dig-
pPosal. However, the United States Soil Conservation Service
estimates that 68% of the total land area in the United States
does not have Soils suitable for the installation of septic tank
- Systems (9). In Wisconsin alone’, 50% of the land area has -
severe limitations forjsoil_abSOrptiénifieldS'(Q).

With this in ming, intefmittent“éaﬁa;Eiltrati0n~of septic-tank

bbjectives

In an attempt to reduce the*initial’installation cost of the sand
filter, it was desirable to-keep the surface ‘area of the proposed
filters small, ranging from 50 to 100 £t2, 1o accommodate the
small surface area,'hydraulic*lbading rates of wastewater applied
to the sand-filter'Were‘COnSiderablyfhighér (2-20 ggd/ftz) than
those recomménded‘infthéwIiteratureJ(0.5—3.0 gpd/ft4). Thus,
it was expected that périodic'filferffailure characterized by
continuous wastewater ponding dbove the sand surface woulg occur.
This would require some type of maintenance such as raking the
sand surface, removing the top layer of sand or resting the

! Information Presented in this baper was obtained from the M.sS.
thesis of D.K. Sauer entitled'"Intermittent'Sand Filtration of
Septic Tank and Aercbic Unit Effluents Under rFielgd Conditions" (4)
Department of Civil and Environmental Engineering, University of
Wisconsin-Madison.




filter bed for some period of time in order to restore normal
filter operation.

mental work when the wastewater reached a ponded level of 12
inches above the sand surface. This provided a small wastewater
reservoir above the sand which attenuated the hydraulic surge
flows from the home. Some eéxperimental work was also performed
On sand filters which were operated only until ponding of the
sand surface remained between dosings.

Evaluation of the intermittent sand filters was based upon the
following criteria: (1) the effluent quality produced, (2) the

. variability in effluent quality, (3) the type and frequency

- - perforated Pipe covered with 2. inch stone. The collection pipe

of maintenance requirements, and (4) total annual costs.

Design of Installations

Intermittent sand filters were constructed and monitored at two
home sites located on University experimental farms. Filters
located at the Ashland Experimental Farm treated septic tank
effluent while the filters at the Electric Research Farm treateqd
activated sludge extended aeration effluent. :

Two sand filters, each approximately 14 £+2 ip area and hereafter
referred to as the east and west filters, were constructed at
both home siteg. The basins for the sand filters were constructed
of concrete and concrete block, as shown in Figqure 1. mo prevent
freezing problems, all but the top 4 inches of the basin were set
below ground level. An insulated ang removable wocden cover was

vented odor and freezing Problems and allowed €asy access to the
sand surface. : :

was also vented to the top sand surface, as shown in Figure 1.

The distribution System consisted of 3 2 inch plastic Pipe with ¢
4l up-turned elhow located in the center of the bed. a splash :
plate was placed underneath the outlet elbow to reduce erosion :
of the sand surface, The effluent from the sand filters flowed

by gravity through a dry-feed chlorinator and finally into a

chlorine contact chamber. Hypochlorite in the form of tablets

that contain a minimum of 70% free chlorine was used as the chlorine
Source. The filterad effluent dissolved the tablets in the )
chlorinator as it trickled past the tablets,
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FIGURE 1 - INTERMITTENT SAND FILTERS
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Operation

The sand filters were operated in parallel and contained 24
inches of locally available wash sand. The size of the sand
used for the two home sites were considerably different (See
Table 1). Cost of thq sand media ranged from $2 to $9/ton.

Table 1. Sand Characteristics

_ Effective Size Uniformity Coefficient .
Ashland Experimental Farm 0.45 , 3.0

Electric Research Farm 0.19 ‘ - 3.31

As shown in Pigure 1, no gravel or soil cover was placed above
the sand. The wastewater was applied directly to the surface

of the sand and was allowed to pond above the sand and infiltrate
through the bed.

Wastewater was applied to the sand filters 7 days/week and flow
rates from the home were highly variable. Dosing the sand

filters was controlled by the volume of wastewater generated

each day. A wet well equipped with a submersible pump received

the septic tank and aerobic unit effluent. After an accumulation
of 40 gallons in the wet well, the submersible pump would

activate and dose the filters. Intermittent sand filter pParameters
for the Ashland Experimental Farm and the Electric Research Farm
are listed in Tables 2 and 3.

Sampling and Analysis

Samplin§ equipment was constructed such that 24 hour composite
samples could be obtained from the septic tank, aerobic unit
and intermittent sand filter effluents. The frequency of sampling

- - ranged from once every 3 days to once  every 3 weeks. Analysis

of the samples included:

1. 5-day Biochemical Oxygen Demand, BOD5

2. Chemical Oxygen Demand, COD

3. Complete solids analysis, TS, VS, TSS, VsSS

4. Complete Nitrogen and Phosphorus, N, P,

5. Bacteriological analysis, Total and PFecal Coliforms,
Fecal Strep, Total Bacteriological counts

6. Temperature, pH and residual chlorine

All of the above analysis- were conducted according to Standard
Methods for the Examination of Water and Wastewater (6).




Table 2.

Intermittent Sand Filter

Parameters at the Electric

Applied Wastewater
Period of Operation

Filter Type

Operation of Filters
Surface Area of Filter
Media

Media Characteristics.

Hydraulic Loading Rate

Filter Bed Failure Point

Maintenance Performed

Frequency of Sampling

Research Farm

Aerobic Unit Effluent

Sept., 1973 through Feb., 1975

Open sand surface, vented under-
drain

2 beds in parallel, continuously
loaded 7 days/wk., flow rates of
household :

13.45 ft2/each

Commercially available sand, 24"
depth - . |

Effective size 0.19 mm, uniformity
coefficient 3,31

Ave. 3.8 gpd/ft2

12" ponded wastewater on surface
of sand

West Filter - scraping the clogged
“surface sand,

East Filter - removing the clogged
surface sand

Average, once/l0 days
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Table 3. Intermittent Sand Filter
Paramef:ers at the Ashland
Experimental Farm

Applied Wastewater Septic Tank Effluent

Period of Operation | ' Oct. 1973-May, 1974; Auvug. 1974-
- - March, 1975 '

Filter Type Open Sand Surface, Vented Under-
drain

Operation of Filters 2 Beds in Parallel, Continuously
Loaded 7 Days/wk., flow rates of
household

Surface Area of Filter 13.75 ftz/each

Media : Commercially Available Sand, 24"
Depth

Media Characteristics Effective Size 0.45 mm, Uniformity
Coefficient 3.0

Bydraulic Loading Rate 14 to 42 gpd/ft2 (Oct. 1973-May, 1974)
1975) '

Dosing Frequency 8-25 times/day (Oct. 1973-May, 1974)
4-13 times/day (Aug. 1974~March,
1975)

Filter Bed Failure Point - o12e Ponded Wastewater on Surface of

Sand, Beginning of Continuous
Surface Ponding

Maintenance Performed East Filter - scraping the clogged
- : surface sand
West Filter - removing the clogged
surface sand :
East and West Filters - resting
the clogged filter bed

Frequency of Sampling Once/2-3 weeks
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RESULTS

Effluent Quality angd Variability

Septic Tank~Intermittent Sand Filter-Disinfection. ‘Statistical
analysis of the effluent quality data indicated that either
normal or skewed (log-normal) distribution;describaithe values
obtained for different measured Parameters. Coefficients of
skewness were calculated and used to determine which distribution
More nearly described the data. Almost all the pParameters
Ccharacterizing the effluents from the sang filters were log-
normally distributed.

Analysis of the data for the septic tank-sand filter systems

- was performed over two distinct periods of time, from October,
1973 through May, 1974 - hydraulic loading rates 14-42 gpd/fté

and from August, 1974 through March, 1975 - ave, hydraulie

loading rates 5 gpd/ft2., Dpata Presented in this paper gives the

mean and the 95% confidence interval for selected parameters

based upon the appropriate distribution (See Tables 4 ang 6).

Phage I - October, 1973 - May, 1974, Referring to Table 4,
‘the hydraulic loading rates were high from October, 1873 through
May, 1974, however, almost 80% reduction of BOD5 was obtained
from the sand filters. Effluent BOD5 values continually dropped
as the age ang maturity of the sand filters increased. A
significant decrease in the BODs5 was also'accomplished'iq the
chlorine contact settling chamber wherein BODg was reduced from

22-25 mg/l to approximately 10 mg/1.

- The Illinois Pollution Control Board effluent Standards for dig-—
charge into intermittent streams are shown in Table 5. (3).
Observing these standards, it ig apparent that the effluent from
- the proposed sang filters loaded at the high loading rate will
not meet these requirements.

Table 5. Illinois Pollutiqn Control Board Effluent

Standards for Discharge to Intermittent Streams
BOD; - 4 mg/1
7SS - 5 mg/1
Continuous Disinfection

Very little nitrification of the septic tank effluent by the
sand filters wag accomplished. This was mainly due to the high
hydraulic loading rates (14-42 gpda/rt2) . Orthophosphate concen-
trations were consistently reduced 20-30% through the sand
filters. Critical nutrient concentrations (n@trogen and phos-
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Surface discharge recommendations for primary contact recre-
ational waters for total and fecal coliforms are 1000/100 m1

and 200/100 ml respectively (8). Observation of the data shows
the coliform level was substantially reduced by the sang :
filters, but effluent levels of coliforms remained higher than the
current discharge recommendations. Disinfection of the sang fil-
ter effluent by chlorination reduced coliform levels below the
recommendations but chlorine residuals of 1.0 mg/l after 3-21
hours were consistently found. Zillich {10} reported that chlorine
residuals as low asg 0.04-0,05 mg/1 were required before sub-
lethal affects on fresh water fish were attained. Although good
disinfection of the sand filter effluent was achieved by chlor-
ination, lack of sufficient control of the rate of application

of hypochlorite caused toxic levels of residual chlorine to be

Phase IT - August, 1974 ~ March, 1975. The intermittent sang
filters loaded at an average rate of 5 gpd/ft2 effectively treated
the septic tank wastewater as indicated in Table 6. Again, as
the sand beds increased in biological maturity with time, effluent
concentrations of unfiltered BOD5 and TSS from the filters
decreased constantly. Multiple dosing (4-13 times/day) of the
relatively coarse sand, along with a lower hydraulic loading rate
5 gpd/ft2, was felt to be tha reason for the increased BOD_ ang
TS5 reduction. Concentrations of BOD5 and TSS from the chiorine

Again, significant reduction of total and fecal coliforms were
obtained through the sang filters. However, concentrations of
total and fecal coliforms did not meet current surface discharge
recommendations. Chlorination of the filter effluents reduced
the coliform levels below the standards but chlorine residuals
averaging 0.3 mg/l were found after 3-21 hours.

Aerobic Unit - Intermittent Sand Filter - Disinfection. Statis~
tical analysis was performed on data collected from the aercbic
unit-sand filter system between September, 1973 and February,

- 1975. The mean and the 95% confidence interval for selected
parameters are shown in Table 7. The analysis of the west sand
filter effluent was split into two time periods. From September,
1973 through October, 1974 the performance of the west filter
was highly variable and inferior to that of the east filter.
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Upon excavating the filter bed in October, 1974, numerocus :
channels where short circuiting was occurring were found along
the perimeter of the sand bed. It was concluded that the poor
effluent quality of the west sand. filter was due to poor con-
struction technigque. This was corrected in October, 1974.

Referring to Table 7, over 50% of the oxygen demand of the

derobic unit effluent was in the insoluble form. This organic
fraction was due to the carry-over of biological cells from the
aerobic unit. Conversely, almost the entire oxygen demand of

the sand filter effluent was in the soluble form (indicated by
filtered BOD.). This indicates that the major reduction of oxygen
demand by th& sand filters was due to the straining and oxidation
of the insoluble organic matter by the sand filter. {(This is

also supported by the fact that the crust layer on top of the

sand surface contained over 70% volatile material.)

was 4 and 7 mg/1 respectively. This effluent quality will likely
meet most surface discharge effluent standards mentioned
previously. '

The aerobic treatment unit Produced a highly nitrified effluent
over the experimental period. Concentrations of nitrate
increaseqd slightly through the sand filters due to the oxidation
of organic and ammonia nitrogen., Orthophosphate concentrations
of the aerobic treatment unit were reduced 20-~25% by the sand
filters. Lower concentrations of nitrates and orthophosphate
from the new west filter (November, 1974-February, 1975) were due
to a reduction in the nutrient concentrations applied to the

sand filters over that time period. :

Generally, a one log reduction in total and fecal coliforms was
experienced from the sand filtration of aercbic unit effluent.
However, effluent concentrations still remained higher than
-eurrent standards mentioned previously. Chlorination of the

sand filter effluent reduced total and fecal coliform levels below
the surface discharge requirements., However, high residual
chlorine levels wera again found.

Maintenance and Servicing Requirements

Septic Tank-Intermittent Sand Filter. From October, 1973 through
May, 1974, the intermittent sSand filters receiving septic tank
effluent were loaded at rates ranging from 14 to 42 gpd/ft2. pyue
to the coarseness and uniformity of the sand (initial infiltration
rates ~ 1590 gpd/ftz), the sand bed hydraulically accepted the ‘
wastewater for 45 to 80 days before 12 inches of wastewater
accumulated on the sand surface. The longest filter run was ob-
tained on the initial experiment. Tables 8 and 9 summarize the
operation and maintenance of the sand filters. A major conclusion
reached from this phase of the study was that removing the top

4 inches of sand and replacing it with-clean sand (77 day filter
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run) was a better maintenance technique than merely resting

a failed sand filter (45 day filter run). It was also noted
that operating at these flow rates and using the 12 inch ponding
criteria caused the sand surface to virtually seal up. Infil-
tration rates dropped to &s low as 0,12 gpd/ft2. Thée top 10-12
inches of the surface sand were dark black in color, suggesting
the accumulation of reducad materials such as sulfides. This is
indicative of an anaerobicz condition. A concentrated layer of
sludge 1/8 to 1/4 inches in depth was also present within the
top surface sand.

To obtain better control over the operation of the sand filters,
float level sensors and a stage recorder were instélled for the
filter beds. From August, 1974 through March, 1975 the hydraulic
loading rate to the sand filter averaged 5 gpd/ft2. Length of
filter runs ranged from 83 to 142 days. It was again noted that
operation of the sand filter under the 12 inch wastewater pond-
ing criteria caused Succeedingly shorter filter runs. From August,
1974-March, 1975 the east filter was operated only until waste-

surface, This appeared to be a pPromising type of maintenance
in terms of the length of filter runs as run lengths of 98 and
134 days were obtained. See Table 8. o

It was observed thgt the degree of clogging by sand filters
loaded at 5 gpd/ft® was less Severe than the initial loading
rates of 14 to 42 gpd/ft2, Physical clogging caused by the sus-
pended solids of the wastewater was felt to be the predominate
clogging mechanism when the sand surface was not submerged.
Biological clogging, due to microbial activity was felt to be
responsible for the sand sealing occurring when the sand surface
was submerged by wastewater. -Allison (1) showed that under
prolonged periodsof submergence, the cause of soil sealing was
attributed to microbial activity such as products of growth,
cells, slimes or Polysaccharides. He also showed that soil
‘sealing was much more rapid when a soluble energy material was
added to the water. The septic tank wastewater treated in this
exXperiment contained over 90 mg/l of scluble BOD. Therefore,
it may be concluded that the organic loading rate (L.B. of BOD)
to the sand filters is very important in the rate and severity
of clogging of the sand bed (2,5).

Aerobic Unit-Intermittent Sand Filter. From September, 1973
through February, 1975 operation of the intermittent sand filters
was characterized by relatively low flow rates. Average
hydraulic loading rates for each filter bed were 3.8 gpd/ftz.

Due to the small effective size sand used for these sand filters,
initial c%ean sand infiltration rates were relatively low,

45 gpd/ft4, 1Initial ponding of the wastewater on top of the
sand surface occurred after only 35 to 40 days. Failure of the
sand filters was defined as when the ponded wastewater had
reached a level 12 inches above the sand surface.
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The most significant characteristic of these experimental sand
filters was the constant accumulation of suspended solids on top
of the sand surface. After 114 days of operaticn, a 1/4 inch
mat of suspended solids had accumulated on top of the sand
surface. Failure of the sand filter occurred after 289 days.

in depth. Analysis of this mat showed that it contained over
70% volatile material. The sand immediately below the crusted
layer was clean and contained less than 0.5% more volatile
matter than clean sand. Raking the surface crust and removal
of the crusted layer along with 1 inch of top sand with the
replacement of the top 1 inch of sand with clean sand was felt
to be the best types of surface maintenance for this type of
sand.

Cost Analysis

An estimated cosgt analysis of the intermittent sand filter system
is presented and is based on a survey of conditions experienced
by contractors located in southern Wisconsin. Presentation of
COsSts were made in the form of total annual cost for installation
and operation of specified units amortized at 10% over a 25.

year lifetime using 1975 dollars.

The components and flow diagram of the intermittent sang filter
system is shown in Figure 2. The major components include:

(1) septic tank or aerobic treatment unit, (2) pumping chamber
onto the filters, (3) intermittent sand filters, (4) chlorination
and final settling and pumping chamber.

The critical factors determining the cost of a sand filter are
the amount of required surface area, the availability of quality
filter sand and the frequency at which maintenance is performed.
Sand filters with surface areas of 50 and 100 ft2 are considered
practical for an individual home and are used in the cost
analysis.

For the 50 ft2 gsang filter, maintenance consisting of alter-
nately raking and replacing the sand surface once every four
months was assumed necessary. Assumed maintenance for the 100 f+2
sand filter consisted of alternately raking and replacing the

sand surface once every 8 months. Sinca many variables affect

the frequency at which maintenance is performed, only an estimate
of the frequency can justifiably be given at this time.

A summary of four on-site wastewater treatment systems using
intermittent sand filters is shown in Table 10.

Important conclusions drawn from the cost analysis include:

€ total annual cost of a septic tank is dpproximately

1. Th
1/4 the total annual Cost of an aerobic treatment unit.
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Table 10. Summary of Costs of On-Site Wastewater
Treatment Systems Using Intermittent Sand Filters

System #1 System #2
Septie Tank $ 58.82 Septic Tank $ 58.82
Wet Well 43.89 Wet Well 43,89
Sand Filter, 50 £t° 157.63 Sand Filter, 100 £ft2  246.31
Chlorination and Chlorination and
Settling Chamber 148.75 Settling Chamber 148.75
Total Annual Cost $409.09 Total Annual Cost $497.77
System #3 System #4
Aerobic Treatment Unit $243.24 Aerobic Treatment Unit $243.24
Wet Well 43.89 Wet Well — 43.89
Sand Filter, 50 ft2 157.63 Sand Filter, 100 ££t°  246.31
Chlorination and Chlorination and
Settling Chamber 148.75 Settling Chamber 148,75

Total Annual Cost $593.51 Total Annual Cost $682.19
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2. The total annual cost of a 100 ft2 sand filter is
comparable to that of an aerobic treatment unit.

3. Systems No. 1l and No. 2 employing septic tanks and sand
filters are more economically attractive than systems
No. 3 and No. 4 employing aerobic treatment units and
sand filters.

DISCUSSION

Some of the more important findings obtained from this study
are listed below:

1. The combination of aerobic unit and sand filter treat-
ment (loading rate 3.5 gpd/ft2) provided a highly
treated effluent in terms of BODg, COD and TSS. The
effluent quality will meet most current surface dig-
charge effluent standards. : - :

2. Intermittent sand filtration of aerobic unit effiuent
at an average hydraulic loading rate of 3.5 gpd/ft2
succesgfully operated for 9 months before surface sand
maintenance was required. Raking the surface crust
and removal of the crusting layer along with 1 inch
of top sand with the replacement of the top 1 inch of
sand with clean sand were felt to be the best types
of surface maintenance for this type of sand (effective
size 0.19 mm, uniformity coefficient 3.31).

3. - Sand filtration of septic tank effluent at an average
hydraulic loading rate of 5 gpd/ft2 produced effluent
qualities in terms of BOD: and TSS that will meet most
surface discharge efflueng standards. Complete nitri-
fication of the septic tank effluent was obtained by
the sand filter,.

4. Length of filter runs for the septic tank-sand filter

' system (loaded at 5 gpd/ft) ranged from 3-5 months.
Successful maintenance performed o these sand filters
included: e K

a. removing the top 2-5 inches of clogged sand and
replacing it with cTéan sand,

b. raking the top 2-5 inches ¢f clogged sand without
- the addition of clean sand. : T

PRt

Both maintenance techniques were’ performed after 1 to 3
week rest periods during which no wastewater was
applied to the filters.

5. Total annual costs for treating and disposing of house-
hold wastewater using intermittent sand filter systems
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ranged from $400 to $700. The range in costs is
dependent upon the use of septic tanks or aerobic
treatment units and the size and required maintenance
of the sand filters. .

. @
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